Countries and regions around the world face a number of economic, environmental and social challenges. Increased demand for energy, primary resources (agricultural, forestry and fishing), industrial products and services (healthcare in particular) put significant pressure on the sustainability of the ecosystems that support our society. One option to provide a more sustainable base for the economy would be the transition towards bioeconomy in which the importance of biotechnology and biomassbased production to generate economic output is significantly greater than today. Bioeconomy is considered to encompass all economic activity connected with the utilization of renewable biological resources. The aim of this paper is to draw attention to the importance of bioeconomy in the management of natural resources in the 21st century, providing many answers to resolve the previous challenges together with environmental preservation. The concept has gained scientific and political attention during the recent years, especially in Europe but also globally. From the review and analysis of the literature, this paper addresses the emerging bioeconomy, definitions and conceptual bases, and its great potential in different sectors of economic activity and development of new products. Special emphasis is placed on the case of the European Union. We present the concerns of European authorities at this level and best practices already in force in two Nordic countries that can be regarded as the beginning of a general transition to bioeconomy.
Introduction
The world is now experiencing the consequences of the overexploitation of natural resources by man and of technological development. The growing concern about the A. Leitão continued loss of biodiversity and ecosystem services associated with the extinction of many species of living beings and with the lack of quality water (Murray et al., 2012) [1], the cost of food and energy security, among others, have major economic implications and significant repercussions on the well-being of populations. Environmental issues are inseparable from social issues.
Global economy has reached such a dimension that society must bear in mind that it does not operate within an unlimited ecosystem and that the increase in the flow of materials and energy in consumption clashes with the planet's physical limitations and with the life-support elements provided by natural ecosystems (Daly, 2005) [2] . In a broader economic and ecological view, natural capital depletion must be seen as a doubly evil process for society: the loss of tangible material flows (natural resources) and the potentially irreversible loss of elements that generate intangible benefit flows (ecosystem services) 1 .
Moreover, the global demand for water and energy is estimated to grow between 30% and 40% in the next twenty years (IEA, 2013) [4] . Along the same lines, total demand for food, animal feed and fibres is expected to grow about 60% between today and 2050, whereas the area of arable farmland per capita may decrease at 1.5% a year if great measures regarding policy change are not taken (FAO, 2012) [5] . The problem is now becoming so serious that in the period from 2005 to 2009, foreign land purchase in developing countries worldwide has totalled an area close to the size of Spain. In some countries, particularly in Asia, a large share of agricultural areas was and is still being sold to foreign investors from many different parts of the world (Rulli et al., 2013) [6] .
Other global pressures on the environment have risen at an unprecedented pace since the 1990s, mainly driven by: (i) an increasingly multipolar world, i.e., after a relatively small number of countries dominated global production and consumption, a rebalancing of the economic power is currently under way, especially in Asian countries, with impacts on the interdependencies and on global trade and a consequent intensification of global competition for resources, biological and mineral, and fossil fuels; (ii) the changes in prevailing diseases, since the growth of the world population and its increasing mobility, especially to urban centres, increases the risk of exposure to new pandemics, usually associated with precarious food distribution (IPPC, 2013) [7] , 2 and (iii) the increasing environmental pollution directly linked to climate change, which exposes ecosystems to levels of pollution with ever more complex mixtures, aggravating the negative impact on human societies (e.g., food security and extreme weather phenomena).
The above-mentioned trends and the economic growth based on current consumption and production patterns, technological change as well as demographic growth 3 , call 1 Sixty percent of the ecosystem services have deteriorated in the last fifty years (UN, 2010) [3] . 2 Approximately 54% of the world population lives in urban centres, a proportion expected to increase to 66% in 2050 (DESA/UN, 2014) [10] . 3 Projections for 2050 point to a population of approximately 9 billion people (UN, 2013) [11] . Moreover, today, less than 2 out of a global population of 7 billion (October, 2011) are considered middle-class consumers. In 2050, this number will rise to over 5 billion, coming mainly from emerging countries (Kharas, 2010) [12] . the planet's ecological limits into question and stress the importance of the link between economic and environmental sustainability.
The current economic models and their needs in terms of natural resources do not guarantee the continued use of the environment to meet material needs and, at the same time, provide the benefits of a healthy life. The cost, human or social, of the collateral damage of economic activity, such as air and water pollution, polluted food and the consequent negative effects for human and animal health, is not included in the GDP.
The significant improvements that have taken place in resource efficiency are in themselves insufficient. Profound changes in institutions, practices, technology, lifestyles and dominant ways of thinking are required, namely fighting for the total decoupling of economic growth and environmental degradation in order to obtain resilient and stable ecosystems.
One option to provide a more sustainable base for the economy, which has grown in importance at global level over recent years in response to the growing concern of peoples and policy-makers, would be the transition towards bioeconomy in which the importance of biotechnology and biomass-based production to generate economic output is significantly greater than today (OECD, 2009) [8] .
Bioeconomy is based on the innovative use of sustainable biological resources to cover the growing demand of the food, energy and industrial sectors together with environmental preservation. As the world population continues to grow against a background of finite natural resources, renewable biological resources are needed to secure healthy food and animal feedstuffs and for materials and other bio-based products such as biofuels.
Hence, bioeconomy can be seen as a promising sector with remarkable future potential and many business opportunities, capable of generating added value for biomass through its conversion and production (Luoma et al., 2011) [9] , whilst addressing the integrated challenges of sustainability-economic, social, and environmental.
To make the transition towards bioecomy not only possible but also sustainable, new technologies and an efficient use of biomass resources will be necessary.
The emergence of the bioeconomy agenda has been underway for three decades. One could argue that it began with the Brundtland Commission in the 1980s. With it sustainability became a cornerstone of economic development. In the1990s, biotechnology emerged as a priority sector for growth and development. In the 2000s, clean tech was added to many national and regional development agendas.
Merging these development approaches-and adding the recent economic and financial crisis that led to renewed policy interest for the development of primary industries (agriculture, fishery and forestry)-is the backbone of today's bioeconomy agenda (Teräs et al., 2014) [13] . The topic has gained scientific and political attention worldwide in recent years, especially in Europe (see e.g., Kleinschmit et al., 2014) [14] .
The aim of this paper is to draw attention to the importance of bioeconomy in the management of natural resources in the 21 st century and as a way of addressing the A. Leitão major challenges that the world is facing: (i) increasing populations that must be fed;
(ii) depletion of natural resources; (iii) impacts of ever increasing environmental pressures and (iv) climate change.
Special emphasis is placed on the case of the European Union. We present the concerns of European authorities at this level and a few examples of best practice already in force that can be regarded as the beginning of the general transition to bioeconomy.
The methodology behind the paper is based on a review of recent literature, including peer-reviewed material and other studies by international bodies and government institutions. Given the growing literature on the topic, this review does not intend to be thorough and focuses more particularly on Europe.
Next section clarifies the concept of bioeconomy and section 3 other related relevant concepts. Section 4 focuses on the challenges faced by the emerging bioeconomy. Section 5 provides an overview of bioeconomy in Europe and section 6 focuses the Nordic countries in particular. Finally, the last section concludes.
The Concept of Bioeconomy
The term "bioeconomy" may be used with several meanings: -A sustainable, eco-efficient transformation of the waste of renewable bio-resources in food, energy and products for other industries (DG Research, 2006) [15] . -The production and conversion of sustainable biomass, including organic waste, in the broad sense, into a variety of food, health, fibres and industrial products and energy (EPSO, 2011) [16] .
-The European Commission defines the bioeconomy as, "the production of renewable biological resources and the conversion of these resources and waste streams into value added products, such as food, feed, bio-based products and bioenergy" (European Commission, 2012, p. 3) [17] . The concept of bioeconomy covers all sectors of the economy-agriculture, forestry, fisheries, food, biotechnology and the chemical industry-that process biological resources from different ecosystems.
-For the OECD, bioeconomy can be thought of as a world where biotechnology contributes to a significant share of economic output. The emerging bioeconomy is likely to involve three elements: (i) the use of advanced knowledge of genes and complex cell processes to develop new processes and products, (ii) the use of renewable biomass 4 and efficient bioprocesses to support sustainable production, and (iii) the integration of biotechnology knowledge and applications across sectors 5 .
Bioeconomy is thus presented as a new paradigm that operates and manages the value hidden in bio-resources and bio-processes in a sustainable manner for the 21st 4 Biomass can be of forestry, agricultural or aquatic origin, either virgin or as residue. It is defined as the material of biological origin excluding material embedded in geological formations and/or fossilized (CEN, 2011) [19] . CEN cites as examples of biomass: whole or parts of plants, trees, algae, marine organisms, microorganisms, animals, etc.
5
OECD estimates that by 2030 the use of biotechnology will account for 35% of the industrial production of chemical products and of other products that can be manufactured with biotechnology (e.g. bioplastic materials); up to 80% of pharmaceuticals and diagnostics; and approximately 50% of agricultural production (OECD, 2009) [8] .
century.
The decisive factor involves the application of the opportunities brought by the progress of biological sciences and their use to address complex problems.
Bioeconomy seeks, therefore, to separate itself from nature and have more control over it through science. As noted by Carlson (2007, p. 116) [18] : "the work [in biological technologies] will continue because the possibility of improved crop yields, increased meat production, plentiful biofuels, and improved human health through new vaccines and replacement tissues are too scientifically, politically and economically enticing for humans to resist".
Bioeconomy and the Bio-Based Economy: Distinction
The boundary between bioeconomy (BE) and bio-based-economy (BBE) differs between countries, but in general the distinction is made in relation to the production and use of biomass, often with the exclusion of food and feed production.
The distinction is made between bioeconomy, which encompasses the production of biomass, either through primary production (from agriculture, forestry, fishing, aquaculture and industry) or through the collection of waste streams; and the use of biomass for food, energy and material uses.
Bio-based economy is part of the overall bioeconomy and addresses only the use of biomass for materials, energy, chemicals and other bio-based processes, with the explicit exclusion of food (Allen et al., 2015) [20] .
Other conceptual definitions that differentiate BE from BBE have emerged, yet they are used without any consensus.
The European Union identifies bio-based economy as one that integrates the full range of natural and renewable biological resources, land and sea resources, biodiversity and biological materials (plant, animal and microbial), including the processing and consumption of these bio-resources (European Commission, 2012) [17] . This definition of the concept focuses on raw materials rather than on the conversion processes and is applied with the same meaning in Germany (BOR, 2011) [21] , Finland (Luoma et al., 2011) [9] and Sweden (FORMAS, 2012) [22] .
Due to the novel nature of the sector, the understanding and definitions of bioeconomy are continuously being developed as they are confronted with new issues and as a variety of instances approach the bioeconomy sector. This includes producing different products and services by using various biological and technical applications.
The Scope of Bioeconomy
Bioeconomy is an interdisciplinary field that brings together the innovations applied in biological sciences and economic activity and involves different sectors. 
Others Concepts

Biorefinery
In a future bioeconomy, sustainable production and valorization of biomass to both food and non-food applications will be the framework of operation 7 . Sustainably produced biomass (crops, algae, residues) has to be used as efficiently as possible-using bio-cascading and biorefining approaches-to meet future demand of food, feed, bioenergy (power, heat and biofuels for transport) and bio-based products (chemicals, materials). The relatively scarce raw material availability requires the development and implementation of high-efficient biomass conversion technologies to maximize valorization and the overall environmental benefits of full biomass supply chains.
To make optimum use of biomass resources, biorefineries that first extract valuable compounds using sustainable technologies and thereafter convert the biomass into other products should be implemented.
A biorefinery refers to a facility that uses a variety of technologies to convert different bio-based feedstocks (trees, energy, crops, waste, …) into a wide range of products, including food, feed ingredients, chemicals, biomaterials (including fibers) and bioenergy, aiming at maximizing the added value along the three pillars of sustainability (environment, economy and society) (Soetaert, 2009) [24] . It exploits different elements of biomass and turn out more valuable refined products-maybe even producing the energy which powers the process. It usually turns out a mix of low-value, high-volume products into high-value, low-volume products (e.g., cosmetics, drugs, food, supplements, food) (Winther and Klarlund, 2014) [25] . A forest biorefinery, for instance, must use the entire potential of raw materials and by-streams of the forest-based sector for a broad range of products in an efficient way. The relevant technologies will be those based on white biotechnology and on the principles of green chemistry (Hatti-Kaul et al., 2007) [26] .
Biorefineries have been used for many years in the food industry. Large-scale implementation of biorefineries for non-food applications, however, is still lacking. Major reasons for this are that some of the key technologies (fractionation and product separation) being part of integrated biorefinery plants are still not mature enough for commercial market implementation (Bell et al., 2014) [27] .
In general, first generation biorefineries are based on the direct use of classical forms of agricultural biomass (conversion of sugar-rich biomass into bioethanol by fermentation or conversion of oil-rich biomass into biodiesel by transesterification). Second generation biorefineries are defined as facilities that use lignocellulosic biomass as raw material, one of its biggest advantages being that it reduces the dependence on food crops required by first generation biorefineries. Third generation biorefineries have the advantage of using agricultural, forestry, petrochemical, and urban wastes (Naik et al., 2010) [28] .
In recent years, much political focus has been on the development of biofuels. However, the market of bio-based chemicals is also designed to increase significantly 
Forestry Industry
The forest sector is undergoing a significant change due to declining markets of traditional products, which has led to extensive job losses and to rural community upheavals all over the world Recently, we have seen a renewed interest in the intensive harvesting of forest biomass as feedstock for bioenergy in Europe and around the world. Globally, the main driving force behind the increased use of biomass for energy is the concern over climate change, with forest biomass being considered a sustainable, renewable energy resource and a sound alternative to fossil fuels. It also increases the diversity of energy sources and, for some countries, improves the security of energy access (Stupak et al., 2007) [31].
The role of forest industry in a forest biorefinery consortium is largely seen to be that of a biomass provider. The scope of change depends on context-specific features, such as biorefinery location and raw material availability.
Operating a commercial-scale biorefinery facility requires both new managerial and 8 Forest industry includes pulp, paper, paperboard and wood products industries. The latter comprises sawmilling, chipboard, fiberboard and construction products industries. 
Food Industry
In a bioeconomy, agricultural crops are not only used to produce food and feed but also to produce chemicals, materials and biofuels.
In agriculture, significant waste volumes of residues are produced, namely, cereal, vegetable, fruit and potatoes' production.
Cereal waste has been more intensely investigated, and it is already known that antioxidants, vitamin E, and plant sterols can be extracted from this resource, which are beneficial for cardiovascular health (Ryan et al., 2007) [33] .
Polyphenolic compounds are interesting targets for extraction from waste of several vegetable and fruit production. The identification of other compounds extracted from vegetables and fruit (e.g. oranges and apples) will be of value for further research.
Quercetin, a well-defined molecular product, is an antioxidant identified as potentially extractable from onion by-products, available in large amounts around the world (Murakami et al., 2008) [34] . Today, the use of onion waste is limited to compost, animal feed, or raw material in biogas-production (Ekman and Börjesson, 2011) [35] . The goal is to add value by implementing a sustainable method to first obtain quercetin and then facilitate further use of the remaining waste for biogas production by anaerobic digestion.
Microalgae
Algae are a group of relatively simple organisms, plantlike organisms that live in the waters of the oceans, seas and rivers and are capable of performing photosynthesis.
There are tens of thousands of different species of algae with different sizes and varying characteristics, many of which have been investigated. Algae contain lipids (oil), proteins and carbohydrates (sugars).
The use of microalgae in the food and feed market is increasingly relevant as some of their components, such as fatty acids, colorants, and vitamins, have the potential to be competitive with the same components from other sources (Enzing et al., 2014) [36] .
Microalgae-based molecules have specific advantages with respect to their synthetic and traditional alternatives that make their use commercially viable for the food sector, despite the higher production costs in comparison to chemical synthesis.
However, the bulk production of carbohydrates and proteins for the food and feed sector is not yet foreseen in the short run, because reducing production costs would require higher production volumes (Enzing et al., 2014) [36] .
Microalgae have other functions too. More recently, they have been used in the production of ethanol or biodiesel and research using genetically modified algae for the production of pharmaceuticals is currently underway. They play a crucial role in aquaculture, being incorporated into cosmetics, and are cultivated as a source of highly val- 
Challenges
In such a complex context, expanding research in bioscience, either within academia or in the business world, depends on having sophisticated laboratory infra-structures with modern equipment. It is necessary to set up, modernise and expand state-of-the-art research centres, to promote cooperation projects with international reference centres of excellence and to build successful partnerships with the business sector. This requires planning and assertive policies to pursue better alternatives to the use of natural resources and technology and the organization of economic activity without compromising the sustainability of the ecosystem.
A coherent alignment of priorities is therefore necessary, and they should include 
An Overview of Bioeconomy in Europe
In Europe alone, 16 tons of material are used per person per year, of which 6 tons become waste (Allen et al., 2015) [20] . Thus, the European economy is still losing a significant amount of potential "secondary raw materials" through present waste streams.
Moreover, in 2010, only 36% of the total waste generation in the EU (about 2.5 billion tons) was recycled, the remainder being landfilled or burned. It is estimated that around 600 million tons (37.5%) of what was landfilled could have been recycled or reused (Allen at al., 2015) [20] .
As in the case of the definition of bioeconomy itself, the term "waste" is used to signify a variety of different things in different contexts.
The European Waste Framework Directive (EWFD) (Directive 2008/98/EC, 19/11)
[38], for instance, defines waste as any substance or object which the holder discards, intends to discard, or is required to discard. This Directive explains when waste ends being waste to become secondary raw material (the so called "end-of-waste criteria"), including certain materials that may be desirable to be used in a developing bioeconomy (e.g. non-hazardous waste for health and the environment, in particular air, water and land) and sets out the definitions and basic concepts regarding waste management.
The Directive includes two new recycling and recovery targets to be achieved by 2020: (i) 50% preparing for re-use and recycling of certain waste materials from households and other origins similar to households, and (ii) 70% preparing for re-use, recycling and other recovery of construction and demolition waste.
Reflecting the importance of bioeconomy, the European Commission has adopted a strategy called "Innovating for Sustainable Growth: a Bioeconomy for Europe", which proposes a comprehensive approach to address the ecological, environmental, energy, food supply and natural resource challenges that Europe and the world are facing today A. Leitão (European Commission (EC), 2012) [17] . At the same time, it will help address the need for sustainable economic recovery, holding great potential for creating sustainable economic growth and jobs 9 .
As the world leader in research and innovation in the field of bioeconomy, the EU is well placed to improve the management of its resources and open up new and different markets in food, animal feed, energy and bio-based products.
A strong bioeconomy will help Europe to live within its limits. It will allow the production of more from less, including from waste, while limiting the negative impacts on the environment and reducing the heavy dependency on fossil resources, mitigating climate change and moving Europe towards a post-petroleum society (EC, 2014a) [39] . In addition to the EU strategy, several EU Member States have also designed their own national bioeconomy strategies.
Case Studies of Bioeconomy in the Nordic Countries
Although the concept of bioeconomy has become increasingly popular in the regional, national and international policy discourse in Europe and has been operationalized by the EU for some time, the understanding of the concept varies significantly across Europe. Some Nordic regions have adopted the term bioeconomy, whereas others are now starting to familiarize themselves with the term (Teräs et al., 2014) [13] .
Bioeconomy in Sweden
Sweden has chosen a more sustainable base for the economy with the transition towards bioeconomy based on biotechnology and biomass-based production.
Sweden is the world's second largest producer of processed forest products such as paper, pulp and sawn timber. The forest industry generates several by-products, which are used for a number of purposes such as the production of chipboard and plywood or chemicals.
Also, by-products from the forest industry are used in energy generation. Bioenergy Bioeconomy is already generating growth and employment to millions of people. According to the European Commission, bioeconomy in the EU represents a market estimated to be worth over EUR2 trillion, providing 20 million jobs and accounting for 9% of the total employment (European Commission, 2012, p. 5) [17] . 10 Horizon 2020 is the biggest EU Research and Innovation program ever, with nearly EUR80 billion of funding available over 7 years (2014 to 2020), in addition to private investment that it will attract. Horizon 2020 is the financial instrument that implements the Innovation Union, a Europe 2020 flagship initiative aimed at securing Europe's global competitiveness.
already plays an important role in the Swedish energy system due to a combination of the vast biomass resources and active governance to increase the share of renewable energy (e.g. a carbon dioxide tax on fossil fuels). Currently, a large amount of forestry residues is already used for internal energy generation in the forest industry. The total use of logging residues such as tops and branches for energy purposes is more than 7
TWh, but there is a potential to increase this without ecological damage (Swedish Forest Industries Federation, 2009) [42] .
Even if it is desirable to use renewable energy from these sources, extraction of valuables at a step preceding energy production is interesting to increase the utilization of the resource (Swedish Forest Industries Federation, 2009) [42] .
Sweden has therefore become more motivated to find new processes and added-value products, particularly with a view to the low value of by-products (from agriculture and from forestry industry) and waste streams to increase its product portfolio. It is now well-known that many by-products contain high added-value compounds, such as antioxidants, pigments and other relevant molecules.
Two of the waste products that have been identified, onion waste, from the food industry, and birch bark, from the forestry industry, were more thoroughly studied with a view to maintain their current value as feed materials or as chemical compound materials.
In the case of onion waste, quercitin is obtained chemically. This is a powerful antioxidant which, as studies have shown, can have a positive effect on cancer (Murakami et al., 2008) [34] , cardiovascular problems (Cook and Samman, 1996) [43] and neurodegenerative disorders (Ono et al., 2006) [44] .
Also chemically obtained from birch bark, the blend of antioxidants and betulin, with its anti-inflammatory and antibacterial properties has also been acknowledged (Paduch et al., 2007) [45] . Betulin is also used as an additive in many cosmetic products. Furthermore, betulinic acid is a powerful agent against a certain type of cancer and HIV (Cichewicz and Kouzi, 2004) [46] . After processing, the remaining waste can be used to produce energy and in some cases it can be recycled as a bio-fertilizer for cultivable land.
Bioeconomy in the Lolland Region-Denmark
The Lolland Region is known internationally as one of Europe's leading regions for its work on climate issues, renewable energies and for developing solutions for the future (Teräs et al., 2014) [13] . This has called for innovative and practical solutions that promise not only alternative energy sources but also new jobs and improved quality of life.
The Lolland region has specialized in the production of energy with a major focus on renewable sources. This sector benefits from its proximity to Copenhagen, where there is a high demand for energy, and increasingly from renewable sources. There is a long tradition of renewable energy in this region.
However, there has been an encouragement to diversify sources and create new A. Leitão projects since 2007, because of sustained support to innovation in food and agroindustry, plant production and management assistance in general.
Bioeconomy and resource efficiency are clear priorities for Lolland. The region is very pragmatic regarding bioeconomy: it has plant production, high-tech production and biotechnology, and it should be able to do much more. The ambition is to launch more activities and to change fundamental structures in the long run, inasmuch as bioeconomy is perceived to be about "what can be extracted from plants", "making the most of bio-based value chains", "optimizing and creating symbiosis" and "cascading production" (Teräs et al., 2014) [13] .
The Green Center (GC) is a business and research unit that works with agricultural, agribusiness and eco-technology industries in Lolland 11 . The GC generates new products as well as production and management opportunities for its customers and business partners while focusing on sustainability. For instance, the GC focuses on optimizing the use of biomass and works with both naturally occurring and intensively produced biomass from agriculture. The Lolland Region accounts for 18% of Denmark's total agricultural land and its biomass represents 70% of the renewable energy production in Denmark, with wind energy being the second most important source and accounting for more than 20% of total renewable energy (Bassi, 2013) [47] .
Biofuel production in Lolland was established in collaboration with public-private partnerships. The biofuels produced include rapeseed oil, biodiesel from algae cultivation and bioethanol from agricultural production.
The GC is testing techniques to cultivate algae on a large scale. Intensive agriculture could produce CO 2 and nitrogen, which can be used in the production of algae. The potential uses of algae include purifying water by removing nitrate deposits from intensive farming, and sewage treatment. The Algae Innovation Centre was initiated by the GC in 2010 in partnership with Aalborg University and Roskilde University. The project aims to establish a demonstration and pilot plant for algae cultivation experiments, and to conduct research on how society and businesses can optimally use algae production technologies (Teräs et al., 2014) [13] .
Lolland has taken the role of a model region in terms of sustainable economy and green growth, and this has influenced significantly its modes of governance by strengthening co-operation between local communities, private companies, cultural institutions and research institutions (Teräs et al., 2014) [13] .
Integrated solutions (including symbiosis and industry/community interactions) represent one important focus area in the development of bioeconomy. This is closely related to projects dealing with side current management and new products. Being early in this field can potentially offer first-mover advantages over other regions and large firms.
Nordic Bioeconomy in Figures
According to Rönnlund et al. (2014) [48] , the total turnover of the key bioeconomy 11 The Green Center (GC) was founded in 1988 on Lolland Island to help farmers to innovate. sectors in the Nordic countries is of approximately EUR184 billion (including agriculture, fisheries and aquaculture, forestry, food industry, forest industry and bioenergy and biofuels). In total, this constitutes 10% of the total Nordic economy. According to the same report, the current volume of bioeconomy accounts for 9% of the economy in Denmark, 12% in Finland, 18% in Iceland, 6% in Norway and 10% in Sweden.
Still, growth areas are found in a wide range of fields such as bio-based chemicals, biorefineries and industrial symbiosis. Also, it has been established that in the Nordic region, the largest innovation and growth potential in the area of bioeconomy lies in its cross-cutting nature (Rönnlund et al., 2014) [48] . Crossing horizontal sectors is identified as a central factor in the development of bioeconomy in the Nordic region.
Conclusions
Knowledge and technological innovation, recognized as symbols of the emancipation of human beings cannot continue to be used as social exclusion mechanisms at the service of those (few), who, for their own advantage, invest in economic growth at any price at the cost of natural capital depletion and of the deterioration of natural values which are vital and upon which the vast majority of other resources depend.
Modern civilisation-scientific and technical-has been based on a particular definition of nature and of man-nature relationship which has been increasingly questioned over the last few decades. Nature was perceived by seventeenth-century philosophers (such as Descartes) as a realm over which Man ruled as lord and master, free to do whatever he pleased. There were no boundaries for human science and industry. A new attitude towards nature that is neither dominating nor worshipful, as if the purpose was to restore the ancient naturalist gods (Jesus, 1997) [49] , must be adopted.
Sustainable systems of production and consumption are inevitable to respond to societal challenges, such as natural resource scarcity and a wiser management of natural resources, climate change, environmental pollution, improvement of food security in view of the expected increase in world population and employment generation. Moreover, the current global crisis has accelerated the need to rethink today's development models.
The standards for future models should rest upon the inclusion of environmental concerns as a basic component of economic and social policies, rather than merely looking at the protection of nature as an "added value".
An economy founded on biomass instead of fossil fuels represents a significant shift in socio-economic, agricultural, energy and technical systems. This type of economy can meet many of the requirements for sustainability from environmental, social and economic perspectives, if it is designed and implemented in an intelligent way.
In this context, it can reasonably be assumed that bioeconomy as an economic, social and political project will guide the future and will be an opportunity for the decoupling of industrial growth and environmental degradation by using production methods based on biotechnology at an industrial scale.
The challenge posed by a limited offer of resources and the balance between sustain-A. Leitão ability and economic aspirations turns bioeconomy into a promising industry, even if it is still emerging and therefore needs policies that stimulate its development.
Furthermore, the creation of new non-food markets for agriculture (such as bioenergy) in synergy with existing food markets, and in combination with alternative income sources for farmers, can give rural areas a major boost (EuropaBio, 2011) [50] .
This paper tried to show that bioeconomy is far more than a mere evolution of knowledge-based economy, although it is part of the latter, towards a more intelligent, sustainable and inclusive economy. The challenge faced by our millennium lies in achieving the balance between the technical means of humanity and how wisely we will use them.
